Since the discovery of brassinolide as a new plant growth hormonal steroid', a number of its related steroids (general term, brassinosteroids) have been found to occur in higher plants. 2 Because of its remarkable biological activities and the very small amounts contained in plants2, microanalytical methods have been necessary for their screening and identification of brassinosteroids in plants. In our previous paper3, we reported that bismethaneboronates of brassinosteroids are useful derivatives for gas chromatography and gas chromatography-mass spectrometry. Our microanalytical method has been useful for the demonstration of the ubiquitous distribution of these hormonal steroids in the plant kingdom.4,5 However, high performance liquid chromatography (HPLC) analysis of brassinosteroids has not been intensively investigated, not withstanding the hope that more sensitive and selective analysis may be obtained by photometric or fluorimetric detection.
The liquid chromatographic behavior of standard brassinosteroids was monitored with UV detector at 204 nm by Yokota et al. 6 Because of the lack of the other UV active chromophore in brassinosteroids, derivatization is indispensable for their HPLC microanalysis. After employing a number of derivatization reagents, we have found that bisnaphthaleneboronate is a suitable derivative for brassinosteroids in HPLC analysis, due to the selectivity of 1-naphthaleneboronic acid for the two vicinal diol functional group of the steroids. In this paper, we report the HPLC microanalytical method for brassinosteroids as their bisnaphthaleneboronate derivatives and its application to the identification of brassinolide in the pollen of broad bean (Vicia faba L.) as a demonstration of the usefulness of our microanalytical method. Derivatization 1-Naphthaleneboronic acid (10 mg) was dissolved in 1 ml of dry pyridine and 100 µl of this solution was added to brassinolide or plant extract. The mixture in the micro test tube was capped and heated at 70° C for 30 min.
After cooling, the reaction mixture was extracted with ether. After removal of ether, the residue was dissolved in methanol to inject into the analytical column.
HPLC analysis
A Shimadzu Model LC-6A chromatograph equipped with a UV detector (SPD-6A) was employed. Reversed phase columns, Shim-pack CLC-ODS (6.0 mm i.d.X 150 mm) and SBC-ODS (2.5 mm i.d.X150 mm) were used at 45° C. A mixture of acetonitrile J water was used as the mobile phase.
Naphthaleneboronates of brassinosteroids were monitored at 280 nm.
Results and Discussion
Since brassinolide has two vicinal diols in the side chain and A ring, a naphthaleneboronate seems to be a good derivative for UV detection in HPLC.
The El mass spectrum of bisnaphthaleneboronate of brassinolide afforded molecular ion at m/z 752 (a Shimadzu GCMS-QP 1000A Direct Inlet System with electron impact ionization source; data not shown). When the reversed-phase column Shim-pack CLC-ODS and 75%(v/ v) acetonitrile in water as mobile phase were used at 45° C, the bisnaphthaleneboronates of brassinolide and its side chain analogues exhibited sharp peaks. The derivatives can be separated as shown in Fig. 1 examined the minimum detection limit of the brassinolide bisnaphthaleneboronate using the SBC-ODS column. As shown in Fig. 2 , the brassinolide derivative afforded a sharp peak at 2.7 min (0.002 AUFS at 280 nm). The amount of brassinolide injected is 1.4 ng. Judging from the result, brassinolide can be detected down to at least 100 picogram level as the bisnaphthaleneboronate derivative.
We did not confirm the origins of the unknown peaks, which appeared at . 4.2 min in Fig. 1 , and at 1.8 min in Fig. 2 , although it seemed that they were based on the present labeling procedure.
The present method was applied to identification and quantification of brassinolide in bee-collected pollen of broad bean. The crude brassinolide fraction, obtained from the extracts of the pollen8, was derivatized into bisnaphthaleneboronate and analyzed by HPLC. The chromatogram of the fraction is shown in Fig. 3 . The retention time at 2.7 min under our HPLC conditions (as shown in Fig. 2) , was in complete agreement with that of the authentic brassinolide bisnaphthaleneboronate. The amount of brassinolide in the brassinolide fraction was calculated to be 31.2 ng by use of an authentic sample for calibration. Recovery of brassinolide (20 ng of brassinolide was spiked) added to the extract from the pollen was 88.6-95.5% (n=4, RSD=2.9%).
In conclusion, the bisnaphthaleneboronate was found to be a suitable derivative for HPLC of brassinosteroids having the vicinal diol functional group. The present method is the first example for the determination of these hormonal steroids in plants by HPLC. 
